auxiliaries (EFA's) into private dental practice.
The EFA is trained to perform many of the routine tasks now done by the dentist but not requiring his extended formal training. Empirical studies have shown the EFA's can perform selected tasks as quickly as the dentist with no reduction in quality [5, 6, 7, 8] . The increases in dental practice productivity (number of procedures completed per unit time) resulting from employing EFA's are reported as ranging from 92%
[9] (going from two operatories, one assistant to three operatories, two assistants and one EF~ to 150% [i0] (going from one operatory, one assistant to three operatories, two assistants and one EFA).
These prior studies have established the To provide adequately the answers to these questions through empirical experimentation would be inordinately time consuming and expensive; there are too many feasible combinations of staffing patterns, task assignments, facility configurations and variations in management practices which need investigation. Further, it has been observed [8] that the variation between operators in pace is frequently greater than productivity differences resulting from small variations in staffing patterns and task assignments thus further complicating empirical experiments. Also, some promising staffing patterns and task assignments are prohibited from being incorporated into field trials by existing state Dental Practice Acts.
To overcome these problems, without eliminating feasible alternatives, a computer simulation of dental practice was developed. The simulation model represents dental practice in sufficient detail so that sub-tasks can be reassigned to personnel with various assumed levels of training.
Decision rules on personnel assignment are also incorporated. The model does not, however, explicitly consider the micro-motion ~ffects of variations in instrument location, operator posture, and so forth. These effects are subsumed in the activity time distributions.
Model Development
The simulation model consists of three basic parts: the patient generator, the logical network of the treatment process, and the cost model. Table i . The logical network of the treatment process dictates the flow of the patients through the dental care facility. Although the treatment pattern for any dental procedure Is fixed, the task assignments and branch points within a given procedure may be altered through input par-meters. Approximately 300 input parameters determine the configuration of the model with respect to: the number of personnel, the staffing pattern, the task inventories of assistants, the number of operatories, the pace rating for procedure time distributions, the physical configuration of the facility, and certain decision rules for patient management.
A portion of the logical network Jsshown in Development Center in Loulsville, Kentucky [8] .
Also, specifications of standard ~ental procedures as in Bell and Grainger [11] , Guralnlck [12] , and Kilpatrick [13] were used. Further, the networks were compared to procedures used in private dental practices located in the Southeast. 
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The ttacro routh,e may be executed at any poil~t in flow that there is a~o In addition to a dentist, and an optional receptionist, the model can employ any mix of EFA's of any of four assumed skill levels.
Figure i Portion of Treatment Network
The duties assigned to each skill level are sho~ in Table 3 . The assignment was based upon rankings of task difficulty determined by expert Judgment [15] . This structure allows considerable flexibility in developing staffing patterns for any given simulation run. The increased knowledge assumed for the higher skill ~evels is translated into higher salaries in the cost model. 
The model components are listed in Table 4 . Cost and fee data are entered as input parameters for the particular practice or region being studied.
Economic data have been obtained from the private practices studied, from ADA sources and from various state and federal sources. Further, since EFA's are not generally available in private practice, a crucial part of the mod~ el's predictive ability will not be tested.
To overcome this problem, arrangements have been made to participate in a National Institutes of Health study [16] in which EFA's will be in- Each reallzatlon of the sixteen resulting combinations consisted of processing 500 patients through the treatment facility. The patient arrlval rate (3 patients per hour) was such that the probability of no patients being available In the waiting room was negllglble except at hlgh levels of capacity. Overflow patients were assumed lost to the system. Table 5 indicates the summary results. As can be seen In Figure 3 the greatest marginal gain in capacity is achieved in going from level 2 to level 3. Also note that wlth one assistant, the level of training has no effect on productivity. This is because the assistant is fled to the dentist as a chalrslde assistant and can not function autonomously.
The utilization of the dentist (Figure 4) increases and the utilization of the assistants IUtlER~.DIJ~T~I~N~ D e n t i s t u t i l i z a t i o n as f u n c t i o n o f number o f a s s i s t a n t s .
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D e n t a l a s s 2 a t a n t u t i l i z a t i o n as a f u n c t i o n o f number o f a s s i s t a n t s . Net revenue as a function or number of assistants.
Conclusions and Implementation
Even in their preliminary state the foregoing results indicate that EFA's can significantly expand the capacity of a solo private practice. In addition, rather than overburdening the dentist, the proper utilization of EFA's will provide him with more optional time which can be used for continuing education, treatment planning, or other activities of direct benefit to the patient population. Further, there exits an apparent economic motivation for the dentist to use EFA's. Alternatively, the employment of EFA's offers one solution to check the rising costs of providing dental services.
With indications of such great benefits, the absence of EFA's in private practice needs some explanation. The most probable reason for their lack of use is that the American dental profession has not uet been convinced that the benefits suggested by limited field trials and simulation studies will actually accrue in practice. Further, the profession is not sure that some loss of quality of care will not occur with EFA's. Also, some dentists are uncertain as to their patients' reactions to being treated by EFA's.
The only convincing test of the model's conclusions appears to be a private practice field trlal which is modeled after the 'optimum' configuration suggested by the model. As noted above, the Division of Dental Health (N.I.H.) study [16] is providing a partial demonstration of the EFA concept. Further trials of this type will how-ever be necessary.
To accomplish this goal, the developers of the simulation model are formulating plans for additional field trials which can be closely controlled and which will follow practice configuration guidelines as indicated by the simulation results.
Scope of Future Research
The collection and analysis of data, model development, valldatlon, and preliminary experi- Work is also in progress to develop analytical models of the stochastic service system that is an abstraction of the dental care facility. Prelimlnary results [17] indicate that a steady-state GI/G/s queueing model will provide acceptable predictions of patient waiting time
distributions.
What is now required is the development of servlce distributions which are functionally dependent upon the facility configuration and staffing patterns.
The model is also being incorporated into the dental curriculum to provide a 'laboratory' for dental students to evaluate the effect of various practice management techniques on practice pro ~ ductlvity. This on-line exposure will allow the student to observe the effects of various practice management modes over years of simulated practice in a few short sessions at a tlme-sharing terminal. The model will also be available to dentists already in practice for continuing ed- 
